Objectives-To investigate the efficacy of a second subcutaneous dose of 6 mg sumatriptan in the treatment of recurrence of headache after successful treatment of a migraine attack with an initial 6 mg dose. Methods-In a prospective, randomised, placebo controlled, double blind, parallel group study, 803 patients were treated for one to three migraine attacks with severe or moderate headache with a subcutaneous injection of 6 mg sumatriptan. Any subsequent recurrence of migraine headache was treated with a randomised second injection of sumatriptan or placebo. Recurrence was defined as a headache of moderate or severe intensity occurring 1-24 hours after the initial dose in a patient whose headache had been relieved by sumatriptan (reduction of headache severity from severe or moderate to mild or none after one hour). 
The novel antimigraine drug sumatriptan is a selective 5-hydroxytryptamine 1 BlID) receptor agonist, and acts at 5-HT, receptors (probably 5-HT,B subtype) which mediate vasoconstriction of cranial blood vessels. 1 2 The primary mechanisms of action of sumatriptan may be related to these vasoconstrictive effects, but the drug may also block neurogenic inflammation and neural transmission via activation of 5-HT, receptors on trigeminal nerve terminals. ' In clinical trials, sumatriptan given subcutaneously or orally is an effective and well tolerated acute treatment for migraine.34 At least 70% of patients report headache relief within one hour after a subcutaneous injection of 6 mg sumatriptan in comparison with 22%-31% of those on placebo,5-7 and efficacy is maintained in long term use (up to one year) with no evidence of tachyphylaxis.89 However, these studies were designed to evaluate relief of headache and other symptoms of migraine, and took no account of the severity of recurrent headache or of the use of any additional non-study medication in the intervening period.
Although a second dose of sumatriptan after one hour is not effective in treating patients who do not respond to an initial dose,5-7 an appropriately timed second dose might be of value in treating recurrence of headache. The study reported here was designed to investigate prospectively the incidence of recurrence of headache after subcutaneous sumatriptan and the efficacy of a further dose of subcutaneous sumatriptan in treating the recurrent migraine headache.
Patients and methods

STUDY DESIGN
This was a randomised, placebo controlled, double blind, parallel group study carried out in 192 general practice centres and 12 hospital centres in the United Kingdom. The patients treated themselves outside the clinic, and each patient remained in the study for three months or until three migraine attacks had been treated, whichever was the sooner.
The trial was conducted in accordance with the Declaration of Helsinki 1964. Approval was obtained from the ethics committee of each of the participating hospitals and from an independent central ethics committee for the general practice centres. Patients The tolerability of sumatriptan was assessed by monitoring adverse events in all patients treated with study medication. An adverse event was defined as any untoward clinical event that occurred during the trial, irrespective of its relation to the study treatment. Investigators gave their opinion of the relation between the adverse event and the study drug (not related, unlikely to be, possibly, probably, or almost certainly related). Additional safety assessments included heart rate and blood pressure measurements, which were recorded before treatment (visit 1-week 0). A 12 lead ECG was taken if a patient had an adverse event involving cardiac symptoms (chest pain, tighmess) during the study and if the investigator considered this to be a useful supplementary investigation. The ECGs were assessed by an independent cardiologist.
STATISTICAL METHODS
The percentage of patients with headache relief one hour after treatment of a recurrent headache with placebo was estimated to be 20%. Data on 48 patients per treatment group were required to have a 90% chance of detecting a 30%-50% difference between sumatriptan and placebo for the treatment of a headache recurrence using a two sided 5% significance level. Allowing for a 77% success rate with the first dose of sumatriptan for the treatment of the initial migraine attack, and a 30% incidence of headache recurrence among these patients, 208 patients per treatment group were required. Sample size calculations were based on the method for comparing two binomial proportions described by Machin and Campbell.'0
The two treatment groups were compared, using the normal approximation to the bionomial distribution, with regard to the proportions of patients with a recurrence, with relief of headache recurrence, and needing rescue medication. Comparisons between the two groups in the patients' global response to treatment were made using the Wilcoxon rank sum test. Efficacy data for the first, second, and third migraine attacks were analysed separately, and all statistical tests were two sided. The safety data were not analysed statistically. All patients who treated one or more attacks with study medication were included in the safety population. Adverse events that occurred on more than one occasion in any patient were reported each time the event occurred.
(13%) were withdrawn. In group A, the main reasons for withdrawal were patients asking to withdraw (23 patients, 5%), failure to return for follow up visits (22 patients, 5%), and adverse events (17 patients, 4% A total of 924 patients were enrolled into the study, and 881 entered the treatment phase: 433 patients were randomised to group A (sumatriptan for recurrence) and 438 were randomised to group B (placebo for recurrence). The two groups had similar demographic and migraine characteristics (table 1), incidence of concomitant diseases, and medication. Most patients were women and experienced one to four severe or moderate attacks per month of migraine with or without aura. More patients in group A (22%) than in group B (17%) had taken prophylactic medication for migraine in the three months before entering the study. The most common drugs for prophylaxis were pizotifen and propranolol, which together accounted for 70% (group A) and 83% (group B) of the prophylactic drugs used. Other drugs used included clonidine hydrochloride and amitriptyline hydrochloride.
During the course of the study 60 patients in group A (14%) and 58 patients in group B Figure 1 55% of patients in group B reported a total of 912 adverse events. Table 2 shows the most often reported adverse events. Injection site reactions occurred in 9%-i1 % of treatments. Most events were mild to moderate in severity (84% in group A and 84% in group B), and more than 96% had resolved at the time of assessment.
Sixteen patients in group A (4%) and 19 patients (5%) in group B withdrew from the study because of adverse events after beginning the study medication. The most common reasons for withdrawal due to adverse events were nausea and tightness in the chest. Three per cent of patients in each group reported chest symptoms after sumatriptan. Fifteen patients had 12 lead ECGs taken after such symptoms and all ECGs were assessed as normal by the independent cardiologist. tion was required by more patients who took placebo to treat headache recurrence than by those who took sumatriptan (fig 3) . For the first attack the difference between the two treatment groups in this respect neared significance (P = 0-056).
Headache relief after the first dose sumatriptan More than 76% of patients in both treatment groups obtained headache relief one hour after dose 1 (6 mg sumatriptan given subcutaneously) at each attack, and 41%-50% were headache free. These data are uncontrolled but are in keeping with published placebo controlled studies.7 Most patients (75%-80%) did not require rescue medication.
Patients' assessment of treatment Of those patients who gave their opinion at the end of the study period, 80% in group A and 78% in group B rated the efficacy of the treatment as good or excellent.
Tolerability and safety A total of 402 patients in group A and 401 patients in group B treated one or more attacks with study medication. In total, 1033 and 1025 attacks were treated in groups A and B respectively.
After treatment, 58% of patients in group A reported a total of 970 adverse events, and The patient population entered into the present study was similar in demographic characteristics to the general migraine population. Most patients were women, who had had migraine attacks for more than 15 years (median) and most attacks were of migraine without aura. Patients were severely affected by their attacks, reporting one to four migraine attacks per month. The attacks were typically severe in intensity, and lasted from several hours to several days. Although more patients in group A (22%) had taken prophylactic medication for migraine than in group B (17%), it is unlikely that this had any significant effect on severity or duration of headache. Recent studies have shown that pizotifen does not have a significant effect on severity of attacks.
I ' The overall incidence of recurrence was 10%-15% after a single 6 mg dose of subcutaneous sumatriptan during this study. This rate of recurrence is much lower than that reported in earlier studies in which a precise definition of recurrence was not used. Recurrence over 48 hours was reported by 46% of patients who administered 6 mg sumatriptan subcutaneously themselves,7 and within 24 hours by 38% of patients given subcutaneous injections of 6 mg sumatriptan by a physician.6 Patients in these studies were asked only to record whether their headaches had returned during the specified period, with no attempt being made to verify that the returning headache was a migraine, and no account was taken of the use of rescue or non-study medication. It is likely, therefore, that the recurrent headache reported by some of the patients was a mild recovery phase headache which would not always warrant further treatment. In the present study mild recurrent headache, after dose 1, was reported by only 2%-4% of patients in each attack. Including these mild recurrent headaches in the analysis would therefore not greatly effect the results of this study.
Sumatriptan is a drug with a relatively short half life (about two hours) after subcutaneous administration.'2 Plasma concentrations of the drug decrease very rapidly after injection, and are low by five to seven hours after administration. By contrast, a migraine attack may last up to 72 hours. The recurrence of a truly migrainous headache may therefore be the result of the migraine attack outlasting the duration of the effect of the treatment.'3 This recurrent headache should not be confused with rebound headache, which can occur in patients who use medication very frequently, often daily, and in excessive doses. Such patients may develop drug induced headache which becomes worse with continuing medication, but discontinuation of treatment can lead to the development of a drug withdrawal headache.'4 15 Studies on the long term pattern of use of sumatriptan have disclosed no evidence of any such dose escalation,'6 but occasional cases of rebound headache have been reported in patients misusing sumatriptanthat is, taking regular daily doses. '7 18 Sumatriptan was effective in treating the recurrence of the migraine headache. Over three attacks, 84%-93% of patients reported headache relief one hour after taking 6 mg sumatriptan subcutaneously to treat a recurrence, in comparison with 31%-50% of patients who took placebo. The difference between the two treatment groups was highly significant (P < 0-0005). The response to placebo was quite high, and this may be related to the high expectancy of the patients, as both treatment groups took 6 mg subcutaneous sumatriptan as dose 1 to treat the initial migraine attack. In this study data were gathered from patients who had treated one, two, or three attacks. Although some patients therefore may have contributed two or three sets of data, each attack was analysed separately.
This study was the first large scale trial undertaken in general practice with sumatriptan in which the patients self administered the drug using an autoinjector. This method of administration proved to be very acceptable to the patients. About 80% of patients in both treatment groups rated the efficacy of the medication as good or excellent, and more than 80% said they would take the medication again. More than 800 patients treated one or more migraine attacks with subcutaneous sumatriptan, but only one patient reported a faulty autoinjector, and only three were unable to self inject. The incidence of injection site reactions was low, with reactions occurring in about 10% of attacks-a level of incidence similar to that in earlier clinical trials of sumatriptan given with this autoinjector.7 Only two patients withdrew from the study because of reactions at the injection sites.
In conclusion, subcutaneous sumatriptan given by the patients themselves with an autoinjector is an effective and well tolerated treatment for migraine. A second 6 mg dose was effective in relieving recurrence of headache, which was reported by a minority of patients. The efficacy of sumatriptan was maintained over treatment of up to three attacks.
The study was supported by Glaxo Wellcome UK Ltd, Jean Baptiste Octave Landry de Theizillat (1826-65) was born in Limoges. He was greatly influenced in starting the study of medicine by his uncle, the neuropsychiatrist Dr de Thezillat. While still a trainee physician under Sandras and Gubler at the H6tel Dieu and Hopital Beaujon in 1852, he showed that muscular activity, both active and passive, depended on afferent relays derived from muscles: "sens de l'activite". This important notion foreshadowed by three years the same conclusion reached by Duchenne and Bellion.
In 1859 he published the first volume of his Traite complet des paralysies. And, in the same year his famous memoir on "ascending paralysis" recorded 10 patients, including five whom he had personally attended; three died, two at the height of the illness, one some months later. He described three types of presentation: ascending paralysis without sensory signs or symptoms; ascending paralysis with concomitant ascending anaesthesia and analgesia; and a progressive generalised disorder characterised by paralysis and sensory loss.
Landry described the illness that he called "ascending paralysis",' in a 43 year old paver. After premonitory fever, malaise, and pain in the limbs, on 1 June he walked to hospital complaining of "weakness, formications in the tips of his fingers and toes". There was no cramp, spinal pain or sphincter disturbance. Touch was lost in the feet but was little impaired in the upper two thirds of the lower limbs; it was absent in the finger tips.
The paralysis ascended, with formications and sensory loss: "like a band around the affected parts". He had to be supported when standing by his bed. By the third week his limbs were paralysed, he developed difficulty in breathing, chewing, and swallowing, accompanied by fever and coughing. Touch was lost in the feet and impaired in the finger tips, but, "pain and temperature sensation were not altered anywhere". The paver perished in the third week. The location of his illness in the peripheral nerves remained undiscovered, for the necropsy included histological examination only of the cord and soleus muscle. Gubler examined and commented on the case drawing a parallel with diphtheritic paralysis; he mentioned exhaustion of the nervous system and permanent defects of innervation, but having come so close to the truth, curiously, failed to examine the peripheral nerves.
Samuel Wilks furnished details of nine such cases of ascending paralysis, recorded in his book in the chapter on the spinal cord; but its peripheral neural origin was not suspected. Wilks thought "it might be due to a reflex paralysis in which the cord is in no way structurally altered, and therefore may at any time recover . . . "2 Polyneuropathy is a recent name replacing Ernst von Leyden's (1832-1910) term "multiple neuritis". 3 The first account was probably one of beriberi neuritis described by Bontius in 1642.4 Robert Graves in 1843 deserves credit for first implicating disease of the peripheral nerves as a cause of paralysis.5 While in Paris in 1828 Graves observed the remarkable epidemic of acute sensorimotor polyneuropathy, aetiologically still obscure. Described by Auguste-Francois Chomel,6 it was known as epidimie de Paris. Graves' account in 1843 is to be found in his Clinical Lectures. 7 In 1876 Westphal referred to "Landry's ascending paralysis". Five years after Landry's account Louis Dumenil (1823-1890) provided the first account of the peripheral nerve pathology in four patients and in six published reports. His first was a 71 year old stone cutter afflicted by a Landry's type of neuropathy:
"a genuine atrophy of the medullary substance of the peripheral nerve tubes and related loss of transverse striations of shrunken muscle fibres in the periphery." 8 Continued on p5OO
